Anorexia nervosa is a serious psychiatric disorder characterized by restricted eating, a pursuit of thinness, and altered perceptions of body shape and size. Neuroimaging in anorexia nervosa has revealed morphological and functional alterations in the brain. A better understanding of physiological changes in anorexia nervosa could provide a brain-specific health marker relevant to treatment and outcomes. In this study, we applied several advanced magnetic resonance imaging (MRI) techniques to quantify regional and global cerebral blood flow (CBF) in 25 healthy women (HC), 23 patients currently with anorexia (AN-C) and 19 patients in long-term weight recovery following anorexia (AN-WR). Specifically, CBF was measured with pseudo-continuous arterial spin labeling (pCASL) MRI and then verified by a different technique, phase contrast (PC) MRI. Venous T 2 values were determined by T 2 relaxation under spin tagging (TRUST) MRI, and were used to corroborate the CBF results. These novel techniques were implemented on a standard 3T MRI scanner without any exogenous tracers, and the total scan duration was less than 10 min. Voxel-wise comparison revealed that the AN-WR group showed lower CBF in bilateral temporal and frontal lobes than the AN-C group. Compared with the HC group, the AN-C group also showed higher CBF in the right temporal lobe. Whole-brain-averaged CBF was significantly decreased in the AN-WR group compared with the AN-C group, consistent with the PC-MRI results. Venous T 2 values were lower in the AN-WR group than in the AN-C group, consistent with the CBF results. A review of prior work examining CBF in anorexia nervosa is included in the discussion. This study identifies several differences in the cerebral physiological alterations in anorexia nervosa, and finds specific differences relevant to the current state of the disorder.
Introduction
Anorexia nervosa is a serious psychiatric disorder characterized by calorie restriction leading to significant weight loss, fear of weight gain, and a disturbance in body-image (American Psychiatric Association, 1994 ). The precise etiology of anorexia nervosa is still unknown, but many factors are thought to contribute to anorexia, including genetic, neural, psychological, and social (Garfinkel and Garner, 1983; Bulik et al., 2008; Kaye et al., 2011; Brown and Keel, 2012; Scott-Van Zeeland et al., 2014) . Unfortunately, the success of treatments is very limited, with nearly 5% of patients dying from the disorder, the highest mortality rate for any mental illness (Hoek, 2006; Bulik et al., 2008) . A better understanding of the physiological characteristics of brain function in anorexia nervosa may assist in understanding both the causes and consequences of the illness.
Cerebral microvasculature abnormalities may play a significant role in the psychiatric disorders (West, 2007) . It is plausible that abnormalities in microvasculature can result in functional deficits because of the coupling between neuronal activity and blood oxygen consumption (Roy and Sherrington, 1890; Kuschinsky, 1991) . The most common techniques used to detect this abnormality are to measure brain perfusion and metabolic parameters by nuclear medicine techniques such as positron emission tomography (PET) and single-photon emission computed tomography (SPECT). Techniques based on magnetic resonance imaging (MRI) are more attractive for psychiatric research because they provide both noninvasive and reproducible measures of cerebral microvasculature (Theberge, 2008) . Several studies have shown agreement between MRI-based physiological studies and nuclear medicine studies (Liu et al., 2012; Zimny et al., 2015) . Arterial spin labeling (ASL) MRI relies on the use of magnetically tagged or labeled blood as an endogenous tracer that does not involve any injection of MRI contrast agent, making it more convenient for subjects. In recent years, it has been used to study several psychiatric diseases, such as schizophrenia (Risterucci et al., 2005; Ota et al., 2014) , depression (Doraiswamy et al., 1999; Clark et al., 2001 Clark et al., , 2006a Clark et al., , 2006b 
